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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a starting 
method for a fuel cylinder injection engine capable of 
cleaning exhaust gas, securing startability, which solves 
the problem where large quantity of unburned fuel 
component HC (hydrocarbon) is discharged when 
uniform combustion is conducted in an insufficiently 
warmed engine, which is caused by low cylinder wall 
surface temperature and sticking of nonevaporated fuel 
on a cylinder wall surface and a piston wall surface, and 
which provides an injecting method for preventing fuel 
from sticking on the cylinder wall surface at the time of 
starting. 

SOLUTION: This fuel cylinder injection engine 1 
constituted of a combustion chamber 5 sucking air, a 
fuel injection valve 8 for directly injecting fuel to the 
combustion chamber 5 and a piston 3, is provided, with 
a starter, which injects fuel to a compression stroke while the starter is started and thereby 
the engine can start in stratified combustion. Fuel pressure is set 2 to 4 MPa or higher and 6 
MPa or lower and thereby flammable air-fuel mixture is collected around an ignition plug 9 to 
secure ignitabitity. 
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* NOTICES * 
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damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the starting approach of the injection engine in a cylinder characterized by to 
inject a fuel to a compression stroke while said starter starts, in order to have a starter for 
putting said engine into operation in the starting approach of the injection engine in a cylinder 
which consisted of a combustion chamber where air is inhaled, a fuel injection valve which 
injects a direct fuel to said combustion chamber, and a piston to which the volume of said 
combustion chamber is changed and to put said engine into operation. 

[Claim 2] In the starting approach of the injection engine in a cylinder which consisted of a 
combustion chamber where air is inhaled, a fuel injection valve which injects a direct fuel to 
said combustion chamber, and a piston to which the volume of said combustion chamber is 
changed Said engine is the starting approach of the injection engine in a cylinder 
characterized by setting fuel pressure to 2-4MPa thru/or 6 MPas or more while said starter 
starts and injecting a fuel to a compression stroke, in order to have a starter for starting and 
to put said engine into operation. 

[Claim 3] In the starting approach of the injection engine in a cylinder which consisted of a 
combustion chamber where air is inhaled, a fuel injection valve which injects a direct fuel to 
said combustion chamber, and a piston to which the volume of said combustion chamber is 
changed Said engine is equipped with the starter for starting, and a detection means to detect 
the top dead center location of a gas column. The starting approach of the injection engine in 
a cylinder characterized by injecting a fuel in the gas column concerned at a compression 
stroke after judging the gas column which said starter starts and is in a compression stroke, in 
order to put said engine into operation. 

[Claim 4] In the starting approach of the injection engine in a cylinder which consisted of a 
combustion chamber where air is inhaled, a fuel injection valve which injects a direct fuel to 
said combustion chamber, and a piston to which the volume of said combustion chamber is 
changed In order to equip said engine with EGR piping and the EGR valve which connect the 
starter, exhaust pipe, and inlet pipe for starting and to put said engine into operation, while 
said starter starts and opening an EGR valve The starting approach of the injection engine in a 
cylinder characterized by injecting a fuel to a compression stroke. 

[Claim 5] In the starting approach of the injection engine in a cylinder which consisted of a 
combustion chamber where air is inhaled, a fuel injection valve which injects a direct fuel to 
said combustion chamber, and a piston to which the volume of said combustion chamber is 
changed In order to equip said engine with the starter for starting, and the adjustable valve 
mechanism which controls the closing motion stage of an intake valve and to put said engine 
into operation, while said starter starts and controlling the clausilium timing of an intake valve 
in the maximum lag location The starting approach of the injection engine in a cylinder 
characterized by injecting a fuel to a compression stroke. 

[Claim 6] The starting approach of the injection engine in a cylinder characterized by for the 



injection engine in a cylinder which consisted of a combustion chamber where air is inhaled, a 
fuel injection valve which injects a direct fuel to said combustion chamber, and a piston to 
which the volume of said combustion chamber is changed to use a fuel injection valve from 
which a spraying configuration serves as deviation spraying, and to put an engine into 
operation by the control approach of a publication to claims 1-5. 

[Claim 7] The starting approach of the injection engine in a cylinder characterized by carrying 
the injection engine in a cylinder given in claims 1-6 in the high Brit vehicle combined with the 
motor generator, and putting an engine into operation with a motor generator instead of said 
starter. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the injection engine in a cylinder which injects 

a fuel directly into an engine combustion chamber. 

[0002] 

[Description of the Prior Art] since a fuel cannot be injected in the injection engine in a 
cylinder while the exhaust air bulb is opening — like an inhalation-of-air line — from — a fuel 
is injected between compression strokes, like the inhalation-of-air line injected while the 
intake valve is opening — injection — the inside of a cylinder — air and a fuel — almost — 
homogeneity — mixing — homogeneity — gaseous mixture is formed, general — this 
homogeneity — it is calling it homogeneity combustion to light gaseous mixture with an 
ignition plug and to burn it. 

[0003] the stratification which the injection engine in a cylinder injects a fuel in a compression 
stroke by a certain service condition, makes an enriched mixture exist near the ignition plug, 
secures the positive ignition engine performance, and makes the perimeter thin gaseous 
mixture on the other hand — gaseous mixture is formed. This combustion gestalt is called 
stratification combustion. 

[0004] It is well-known to change homogeneity combustion and stratification combustion and 
to operate. One of the important factors is engine water temperature on the change condition. 
Operation by stratification combustion is permitted for engine water temperature after about 
80 degrees C and the so-called engine pre-heating. Therefore, operation by homogeneity 
combustion is performed on the conditions that engine water temperature including the time 
of engine starting is low. However, although the exhaust gas discharged from the injection 



engine in a cylinder is purified and discharged by the catalyst established in the middle of the 
exhaust pipe r since whenever [ catalyst temperature ] has not fully gone up for several 
minutes after after engine starting, the purification engine performance is low and the injurious 
ingredient in exhaust gas will be discharged as it is. Moreover, at the time of starting, since the 
temperature of a cylinder wall or perimeter air is low, evaporation of a fuel is bad. Therefore, 
ignitionability is bad and there is an inclination for a combustion condition to get worse or not 
to light. In order to improve ignitionability, injected the 4 to 5 times as many fuel as an initial 
complement, and evaporation fuel quantity was made to increase, and it has started. However, 
by this approach, the fuel which was not contributed to the combustion at the time of starting 
is discharged from an exhaust air bulb, and it will be discharged by atmospheric air, without 
bypassing the catalyst for which temperature has not risen yet and being purified. In recent 
years, the European and American emission requirement is tightened up and it is indispensable 
to make clean the exhaust gas discharged at the time of such starting. 
[0005] Then, as a technique for promoting evaporation of a fuel, it is indicated to 
JP,9-79066,A that fuel injection timing is amended according to water temperature and fuel 
pressure at the time of starting. According to this, when engine water temperature is low, it 
presupposed that it is an inhalation-of-air line about injection timing, and the evaporation time 
amount of a fuel is earned. Furthermore, to JP,10-1 76574,A, at the time of starting, when 
water temperature and fuel pressure are below predetermined values, it is indicated that it 
injects from the subinjector installed in the inlet pipe. According to this, distance to a 
combustion chamber was lengthened by injecting a fuel to an inlet pipe, and evaporation time 
amount is earned, the gaseous mixture formed in a cylinder by these approaches — 
homogeneity — it is gaseous mixture, therefore a combustion gestalt is also homogeneity 
combustion. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, when homogeneity combustion is 
carried out in the condition that pre-heating of the engine is not fully carried out, it is in the 
inclination for a non-burned fuel component and the so-called HC (hydrocarbon) to be 
discharged so much. As for this, whenever [ cylinder wall surface temperature ] is low, and the 
fuel which is not evaporated is because it has adhered to the cylinder wall or the piston wall 
surface. Therefore, the injection approach that a fuel does not adhere to a cylinder wall at the 
time of starting is required. The purpose of this invention is offering the starting approach of 
the injection engine in a cylinder which can carry out [ clean ]-izing of the exhaust gas, 
securing startability. 
[0007] 

[Means for Solving the Problem] In the starting approach of the injection engine in a cylinder 
which consisted of a fuel injection valve which injects a direct fuel to the combustion chamber 
where air is inhaled [ 1st ], and said combustion chamber in order to attain the 
above-mentioned purpose, and a piston to which the volume of said combustion chamber is 
changed, said engine is equipped with the starter for starting, and in order to put said engine 
into operation, while said starter starts, it injects a fuel to a compression stroke. 
[0008] In order to put said engine into operation, while said starter starts and injecting a fuel 
to a compression stroke, fuel pressure is made the 2nd at 2-4MPa thru/or 6 MPas or more. 
[0009] To the 3rd, in order to have a starter for starting, and a detection means to detect the 
top dead center location of a gas column and to put said engine into operation, said starter 
starts said engine, and after judging the gas column in a compression stroke, a fuel is injected 



in the gas column concerned at a compression stroke. 

[0010] In order to equip said engine with EGR piping and the EGR valve which connect the 
starter, exhaust pipe, and inlet pipe for starting and to put said engine into operation to the 4th, 
while said starter starts and opening an EGR valve, a fuel is injected to a compression stroke. 
[0011] 

[Embodiment of the Invention] The example of this invention is explained based on a drawing. 
[0012] Drawing 1 is the block diagram of the injection engine in a cylinder which carries out 
this invention. The engine 1 shown in drawing 1 is equipped with the crank chain which is not 
illustrated, and the connecting rod 2 connected with the crank chain serves to change the 
reciprocating motion of a piston 3 into rotation. The combustion chamber 5 is formed of the 
engine head 4. The combustion chamber 5 is sealed with the intake valve 6 with which the 
engine head 4 is equipped, the exhaust air bulb 7 and a fuel injection valve 8, and an ignition 
plug 9. An engine 1 inhales air required for combustion to a combustion chamber 5 by 
both-way actuation of a piston 3. The dust and contaminant which are contained in air with 
the air cleaner which does not illustrate the air inhaled by the engine 1 are removed, and an 
inhalation air content is measured by the air content sensor 10. An inhalation air content is 
adjusted by the throttle valve 11. Although considered as the electronics control throttle 
valve which operates a throttle valve 1 1 electronically based on the control input of an 
accelerator pedal here, you may be the mechanical throttle valve operated with a wire. The 
fuel supplied to an engine 1 is pressurized by the feed pump 13 or fuel pump 14 currently 
installed in the fuel tank 12, and is injected directly into a combustion chamber 5 by the fuel 
injection valve 8. A fuel is mixed with air in a combustion chamber 5, and combustion is 
performed by the ignition plug 9. Exhaust gas is discharged from the exhaust air bulb 7, passes 
the three way component catalyst 15 and the Nox catalyst 16 which were installed in the 
exhaust pipe, and is discharged. The control unit 22 which controls an engine 1 detects the 
operational status of an engine 1 based on the signal from various kinds of sensors, and 
controls the electronic throttle 1 1 with which the engine 1 is equipped based on the detection 
result, a fuel pump 14, a fuel injection valve 8, an ignition plug 9, and the EGR valve 20. 
[0013] The control input of the accelerator pedal operated by the operator of a car who 
carried the engine 1 is detected by the accelerator pedal sensor which is not illustrated, and is 
inputted into a control unit 22. The signals (for example, an engine speed, a MAP, an intake-air 
temperature, water temperature, an accelerator control input, an inhalation air content, etc.) 
from various kinds of sensors are inputted into a control unit 22. There are a signal from a 
sensor, a signal from the air-fuel ratio sensor 17 attached in the exhaust pipe, a signal from 
the temperature sensor 18 which detects the temperature of exhaust gas, etc. whenever 
[ crank angle / with which the crankshaft which is not illustrated, for example was equipped as 
other input signals ]. The control unit 22 consists of the change gear control section 23, an 
engine control section 24, a throttle control section 25, an injector drive circuit 26, etc. The 
EGR valve 21 is for flowing back exhaust gas from an exhaust pipe to an inlet pipe, and is 
installed in the EGR piping 20. 

[0014] The engine block diagram of this invention is shown in drawing 2 . Drawing 2 is the 
perspective drawing of the injection engine in a cylinder of this example. The main component 
parts are the notching valve 32, a shaft 31, a dashboard 30, the fuel injection valve 8 that 
injects a fuel in a combustion chamber 5, and the piston 3 which carried out a top-face 
configuration from which sufficient tumble flow is obtained as air flow generation equipment 
made to generate an air flow in a combustion chamber 5. Two intake valves 6, two exhaust air 



bulbs 7 and the ignition plug 9, and the fuel injection valve 8 are attached in the upper part 3 of 
a combustion chamber 5, i.e., a piston, and the side which counters. As for the combustion 
chamber 5 formed of them, the volume changes with the reciprocating motions of a piston 3. If 
a piston 3 carries out downward movement after the intake valve 6 has opened, air will be 
inhaled from a suction port. The air content inhaled in the combustion chamber 5 is measured 
by the air content sensor which is not illustrated, and the fuel quantity injected from a fuel 
injection valve 8 based on the value is determined. The intake valve 6 for inhaling air is 
equipped with two inhalation air contents from the purpose made [ many ]. A suction port 
forms the passage connected with two intake valves 6. A fuel injection valve 8 is attached 
between this passage (i.e., between two intake valves 6). A fuel injection valve 8 is attached so 
that the medial axis may go to a piston pin shaft or a crankshaft shaft direct. The medial axis 
of a fuel injection valve 8 inclines toward the lower part of an ignition plug 9 so that a fuel 35 
may be easy an assembly around the ignition plug 9 attached in the upper part of a combustion 
chamber 5. Thus, while an inhalation-of-air line can distribute a fuel 35 widely in a combustion 
chamber 5 by injection by attaching, spraying 35 can be made easy to collect in the ignition 
plug 9 direction in the injection in the second half of a compression stroke. The tumble flow 
generated in the combustion chamber 5 changes with the layer of airstream on a piston 3, and 
makes the wall of air. The fuel spray 35 is conveyed by this airstream in the ignition plug 9 
direction. Since it is furthermore guided to the wall of air, it prevents that the fuel spray 35 
adheres to a piston-top surface. This method is called a tumble guide type. A spraying 
configuration and the injection direction are set up so that the fuel spray 35 may tend to reach 
on the outskirts of a plug gap of an ignition plug 9. 

[0015] Drawing 3 shows typically the mixed temper cloth of the combustion chamber at the 
time of stratification operation of the injection engine in a cylinder indicated to drawing 1 . The 
situation it is running by 60 km/h regularity (engine-speed about 2000 rpm) is assumed. The 
tumble generation equipment installed in the suction port consists of a notching valve 32, a 
shaft 31, and a dashboard 30. When the notching valve 32 has closed, as for most inner 
inhalation air, an inhalation-of-air line flows into a combustion chamber through a dashboard 
30 top. Consequently, the tumble air flow 33 is formed in a combustion chamber 5. The air with 
which the inhalation-of-air line which the intake valve 6 is opening flowed into inside flows 
along with the combustion chamber wall surface by the side of being [ 7 ] far from a fuel 
injection valve 8, i.e., an exhaust air bulb. The top face of a piston 3 has become radii-like so 
that the air flow 33 may flow smoothly, and the slot for diffusion prevention is prepared further. 
By making it such a configuration, an air space is formed on a piston-top surface, and fuel 
adhesion can be prevented. Furthermore, it blows up in the fuel injection valve 8 direction at 
the air flow 33, it flows in accordance with the up wall, i.e., the head-lining wall, of a 
combustion chamber 5 to the combustion chamber wall surface by the side of anchoring of a 
fuel injection valve 8, and a pan, and forms a revolution style. Fuel-spray 35a is conveyed by 
this revolution style 33 in the direction of an ignition plug. Consequently, with regards to the 
location of a piston 3, there is no fuel-spray 35b, namely, with regards to an engine speed, 
there is not and it can reach the plug gap of an ignition plug 9. Since the relation is determined 
only with the distance and spray velocity from a fuel-injection location to a plug gap, 
stratification operation of it is attained to a high rotation field (3200rpm). The tumble air flow 
33 used by this example is flow which once reaches to the combustion chamber wall surface 
by the side of the exhaust air bulb 7 in a combustion chamber 5, and returns to an inspired air 
flow path in accordance with a piston-top-surface configuration, after flowing from an intake 



valve 6. Therefore, fuel-spray 35a injected from the fuel injection valve 8 attached between 
intake valves 6 rides the flow, and reaches an ignition plug 9 by the minimum distance. Since 
fuel-spray 35a will flow to an intake valve 6 side along with a piston-top surface and an 
ignition plug 9 will be reached when a fuel injection valve 8 suits the exhaust air bulb 7 side, 
the time amount which reaches after injecting before [ an ignition plug 9 ] will become long. 
Furthermore, a fuel may adhere on a piston-top surface, and it is not desirable. 
[0016] the experiment using the injection engine in a tumble guide type cylinder of this 
example — rotational frequency 1400rpm and an illustration average — an owner — in the 
service condition of ****** Pi320kPa, it is stabilized and fuel injection timing and ignition 
timing which can be operated are 70degBTDC(s) and 35degBTDC, respectively, the time 
amount from the injection at this time to ignition — about 3 msec(s) it is . rotational frequency 
3200rpm and an illustration average — an owner — in the service condition of ****** 
Pi350kPa, they are 90degBTDC(s) and 30degBTDC, respectively. The time amount from the 
injection at this time to ignition is about 3.12 msec(s). Therefore, with the injection engine in a 
tumble guide type cylinder of this example, it is not based on an engine speed, but the time 
amount from injection to ignition is about 3 msec(s) in general. It is order. 
[001 7] Drawing 4 shows a view when summarizing experimentally conditions, i.e., fuel injection 
valve arrangement, for an artificer to form stratification combustion of drawing 3 , an ignition 
plug location, and a spraying configuration, and shows typically the physical relationship of the 
fuel spray 35 injected from the ignition plug 9 and fuel injection valve 8 in a combustion 
chamber 5. The fuel spray 35 is a spraying configuration in case a perimeter ambient 
atmosphere is atmospheric pressure, and 35p is 0.6MPa(s). It is a spraying configuration at the 
time. Since the pressure in a combustion chamber 5 is atmospheric pressure extent, the fuel 
spray becomes like 35 the first half of an intake stroke or a compression stroke. The volume 
becomes small by rise of a piston 3, and, as for a combustion chamber 5, a pressure becomes 
high in the second half of a compression stroke. Although the ambient pressure force changes 
with fuel injection timing to 0.1 to 1.0MPa extent, since a spraying configuration is specified, 
they are 0.6MPa(s). It is arranging in the spraying configuration at the time. The spray angle of 
the fuel spray 35 under atmospheric pressure is X1+X2, and the spray angle of fuel-spray 35p 
under pressurization is expressed with Y1+Y2. The measuring method of a spray angle is 
shown in drawing 5 . A triangle is made from the spraying appearance point in the location 
under 25mm from the nozzle tip A of a fuel injection valve 8, and there, and let the include 
angle be a spray angle. In the case of the fuel spray 35, it is the include angle which connected 
point B-A-E and was able to do it, and, in 35p, is the include angle which connected point 
C-A-D and was able to do it. 

[0018] In drawing 4 , the fuel injection valve 8 is attached in the engine at the include angle A 
to the horizontal plane. An include angle A is called whenever [ champing-angle ]. The 
combustion chamber upper wall containing an intake valve 6 is in the location of an include 
angle B to a horizontal line, and the plug gap of an ignition plug 9 is in the location of an include 
angle C to a horizontal line. By the tumble guide formula of this invention, in order to carry out 
stratification operation, it is important that the fuel spray reaches on the outskirts of a plug 
gap of an ignition plug 9. Moreover, it is also important to prevent that a fuel adheres to a 
combustion chamber upper wall for HC reduction. Therefore, if the spraying appearance 
location by the side of an ignition plug 9 is expressed with the include angle to a plug gap, the 
include angle which a degree type defines using the include angle C showing an intelligible 
plug-gap location and the include angle (X1-A) showing a spraying appearance location will be 



called the upper limit angle J. 
[0019] 

Upper limit angle J=(X1~A)-C (1) 

The formula (1) expresses the upper limit angle under atmospheric pressure, and defines 

upper limit angle J' under pressurization by the degree type. 

[0020] 

Upper limit angle J'=(Y1-A)-C (2) 

Since an upper limit angle is expressed in whenever [ spray-angle and setting-angle / of a fuel 
injection valve ], and a plug-gap location, generally it can be used not only to a specific engine 
but to various engines. 

[0021] The result of having asked drawing 6 for the relation between an upper limit angle and 
an engine performance experimentally is shown. An axis of abscissa is upper limit angle J' 
under pressurization, and, as for the axis of ordinate of the combustion rate of change Cpi and 
right-hand side, the left-hand side axis of ordinate expresses the discharge concentration of 
HC (hydrocarbon). Cpi expresses the fluctuation from the average firing pressure of 100 to 
1000 cycle extent, and it expresses that combustion stability is so good that a numeric value 
is small. It means that a spraying appearance location has zero upper limit angle in the same 
location as an ignition plug-gap location. When smaller than it, it means that the spraying 
appearance location has not reached a plug gap, and the combustion rate of change Cpi is 
large. An upper limit angle becomes below the tolerance of Cpi above -two (deg). Although 
spraying has not reached a plug gap on the upper limit square -2 (deg), since it has been 
spouted by spraying in the direction of a plug gap in the operation of a tumble air flow in the 
case of this example, spraying has reached the plug gap in fact. On the other hand, the lower 
one of HC concentration is good. If an upper limit angle is large, a spraying appearance 
location will reach a combustion chamber upper wall, a fuel will adhere, and HC discharge dark 
** will increase. In drawing 6 f HC concentration is rising [ the upper limit angle ] above +two 
(deg), and it turns out that the fuel has adhered to the combustion chamber upper wall. 
Although the include angle B showing a combustion chamber upper wall location is not 
contained in the definition of an upper limit angle, the upper limit of an upper limit angle can be 
presumed by the discharge behavior of HC. Therefore, the bottom upper limit angle of 
pressurization is compatible in the combustion rate of change Cpi and HC discharge 
concentration in -2 to +2 (deg). 

[0022] Drawing 7 (a) shows typically the mixed gaseous state voice of the combustion 
chamber at the time of starting of the injection engine in a cylinder indicated to drawing 1 . the 
engine speed at the time of starting — about 200 rpm it is . When starting with the 
homogeneity combustion method indicated on the conventional technique, there are some 
which remained in the cylinder 5 with the gaseous mixture 36 and the liquid which were mixed 
to homogeneity, and have adhered to the cylinder wall or the piston wall surface as shown in 
drawing 7 (b). This wall surface adhesion fuel 37 causes unburnt HC discharge. The point of 
this invention is to carry out stratification combustion at the time of starting, in order that a 
fuel may prevent adhering to a wall surface. The engine speed at the time of starting is about 
200 rpm. Since it is low, the air flow 33 generated in a combustion chamber 5 is weak, and 
cannot convey the fuel spray 35 in the ignition plug 9 direction. Therefore, the spraying upper 
limit angle under pressurization stops being able to light at 0 — 2 degree easily, without the fuel 
spray 35 reaching the gap of an ignition plug 9. Therefore, in order to carry out stratification 
combustion at the time of starting, it is necessary to select spraying which is in the range 



whose spraying upper limit angle under pressurization is 0 - +2 times. 

[0023] The conditions for forming stratification combustion in drawing 8 at the time of starting 
are shown. An engine speed is low at the time of starting, and an air flow required for tumble 
guide combustion is a pile to a generation pan. That is, the operation which pushes up spraying 
in the direction of an ignition plug by air flow is weak. Combustion rate of change is getting 
worse without spraying reaching [ a spraying upper limit angle ] a plug gap below 0 times. 
Moreover, HC is also increasing to coincidence by the flame failure. Therefore, it is desirable 
to set the spraying upper limit angle under pressurization as about 0 - +2 times so that 
spraying may tend to reach an ignition plug also in fuel injection timing in the second half of a 
compression stroke. 

[0024] Fuel pressure and the relation of startability are shown in drawing 9 at the time of 
starting. It is the result of measuring the highest firing pressure when the fuel pressure at the 
time of starting is changed to 1-7MPa and an engine first-** it. The maximum pressures at 
the time of first ** are 1.5MPa(s). When exceeded, it turned out that combustion advances 
continuously. Since the combustion reaction fully occurred by the combustion chamber and 
this was changed into the engine torque, it is because only the torque which compresses the 
following gas column occurred. Therefore, 1.5MPa If it is the criteria of first ******, for fuel 
pressure, at 2 or less MPas, firing pressures are about 1.0 MPa(s). It has not fully burned in 
extent. For fuel pressure, at 3MPa(s), firing pressures are 2.0MPa(s). The above pressure was 
stabilized, it has generated and starting was successful. For fuel pressure, at 5MPa(s), firing 
pressures are 1.5MPa(s) again. It becomes the following pressures and, moreover, the 
maximum-pressure value varies greatly. This is in an unstable condition in the condition of not 
burning. For fuel pressure, at 7MPa(s) f firing pressures are 2.0MPa(s). The above pressure has 
occurred and starting was successful. Combustion fuel injection timing at this time was fixed 
with 40 degrees in front of the top dead center. 

[0025] drawing 10 — the gaseous mixture of the combustion chamber at the time of engine 
starting — the result of having carried out the simulation analysis of the behavior is shown. 
Count conditions were set to engine-speed 300rpm so that the experimental result of drawing 
9 might be suited, and fuel injection timing was made into 40 degrees in front of the top dead 
center. Since the fuel penetrating power of spray is weak and the pressure of a combustion 
chamber is moreover rising to 1.0MPa extent at 35 degrees in front of the top dead center 
immediately after injection when fuel pressure is 3MPa(s), the fuel spray serves as a compact 
configuration. In front of the top dead center, at 30 - 25 degrees, spraying near the piston 
front face is progressing so that it may slide on a piston top, but spraying of the ignition plug 
circumference is drifting, in order that there may almost be no air flow. This spraying that is 
drifting is lit. When fuel pressure is 5MPa(s), since the fuel penetrating power of spray 
becomes large, the component which slides on a piston front-face top is increasing. The fuel 
spray which was drifting around the ignition plug is pulled by it, in order to make and move, the 
ignition plug circumference becomes thin and ignition of it becomes impossible. When fuel 
pressure is furthermore 7MPa(s), since spray penetration becomes large, the fuel spray 
performed by sliding on a piston front-face top is colliding and returning to the cylinder wall of 
an exhaust side. In the before [ a top dead center ] 25 neighborhood, the fuel spray can reach 
around an ignition plug and it can light. 

[0026] The cylinder internal pressure and the heat rate at the time of engine starting are 
shown in drawing 1 1 . Engine-speed 300rpm It carried out and fuel injection timing and ignition 
timing were changed. Since the time amount from injection to ignition is decided in the 



location of a fuel injection valve and an ignition plug, it is also changing ignition timing together 
according to fuel injection timing. The spacing is 20 degrees in whenever [ crank angle ] mostly. 
When injection/ignition timing is 40/20 degrees in front of a top dead center, the highest firing 
pressure of a combustion chamber is the largest. When injection/ignition timing is 34/15 
degrees in front of a top dead center, a combustion pressure-buildup location becomes late, 
and the maximum pressure is declining. Although the pressure-buildup location is late further 
when injection/ignition timing is 30/10 degrees in front of a top dead center, a maximum 
pressure seldom changes to the case where injection/ignition timing is 34/15 degrees in front 
of a top dead center. When a heat rate is seen and injection/ignition timing is 34/1 5 degrees in 
front of a top dead center in front of 40/20 degree and a top dead center, the peak location is 
coming before the top dead center (inside of drawing 0 times). This is for combustion to have 
taken place in front of the top dead center, and to bar a motion of the piston which is going to 
go up the inside of a cylinder. Therefore, it is necessary to set up injection/ignition timing in 
front of a top dead center for changing the pressure energy generated in combustion effective 
in torque at about 30/10 degree, and to carry out the peak of a heat rate behind a top dead 
center. 

[0027] The timing diagram of the starter at the time of starting, fuel pressure, and an engine 
speed is shown in drawing 12 (a), and the relation between an engine speed, and 
injection/ignition timing is shown in drawing 12 (b). It is 1.5, using the time of starting a starter 
as time amount 0. The condition during a second is shown. The engine speed under starter 
starting is 200 - 300rpm. It has extent. The injection/ignition timing at this time are 30/10 
degree in front of the top dead center for a phenomenon which was explained by drawing 1 1 . 
Drawing 12 (b) shows change of the injection/ignition timing to an engine speed. A fuel pump 
begins to start actuation by rotation of an engine, and is 0.5. It is going up to 2 - 3MPa extent 
before a second. An engine starts injection/ignition, after fuel pressure reaches a 
predetermined value and the gas column distinction processing mentioned later is completed. 
If an engine first-**, since it goes up quickly, an engine speed must adjust injection/ignition 
timing according to it. As the injection/ignition timing in the engine speed which put - mark in 
an engine-speed rise process are shown in drawing 12 (b), injection/ignition timing is changing 
to the tooth-lead-angle side with an engine-speed rise. The point of this invention is setting 
fuel injection timing as a compression stroke, in order to carry out stratification combustion 
during starter starting. By using the starting approach using this stratification combustion, the 
air-fuel ratio at the time of starting can be made about into 25. Since it has injected with 
timing sufficient to the ignition plug circumference and the gaseous mixture of a flammable 
range is formed around the ignition plug, it can be made to light certainly, although it is in the 
air-fuel ratio 25 and the Lean condition in the whole combustion chamber. Since a fuel is 
supplied so much and an unburnt fuel is not discharged like the further conventional starting 
approach, effectiveness is in HC reduction at the time of starting which is the purpose of this 
invention. 

[0028] The discharge property of HC (unburnt fuel component) discharged by drawing 13 from 
an engine in [ in stratification starting of this invention and the conventional homogeneity 
starting ] 40 seconds after starting is shown, stratification starting of this invention — after 
starting — about 3000 ppm up to — it goes up, and there is no big change and it has become 
an almost flat discharge property henceforth. On the other hand, by homogeneity starting, it is 
12000 ppm immediately after starting. Although it goes up and is falling gradually after that to 
near, it also sets after 40-second progress, and it is 4000 ppm. It is discharged above. By 



stratification starting, a discharge peak unburnt [ HC ] can be fallen about 75%. Since the 
temperature of the catalyst installed in the exhaust pipe does not go up from starting between 
grades for 1 minute, sufficient cleaning effect is not acquired- Therefore, it is important in an 
engine system also including a catalyst that unburnt [ which is discharged from an engine as 
shown in drawing 13 / HC ] is reduced. 

[0029] The fuel spray used for the injection engine in a tumble guide type cylinder of this 
example is explained. Spraying injected from the swirl type fuel injection valve used for the 
injection engine in a cylinder turns into hollow spraying. The property of this spraying is that a 
spraying configuration changes with the pressures of the combustion chamber to inject. For 
example, in injecting an inhalation-of-air line to inside, the pressure of a combustion chamber 
is atmospheric pressure or a pressure lower than it. Spraying then injected from the fuel 
injection valve is diffused in the whole combustion chamber in the comparatively big spray 
angle. On the other hand, in injecting in the second half of a compression stroke, the pressure 
of a combustion chamber has become more than atmospheric pressure. The pressures at that 
time are 0.5MPa(s), for example, although it is changing every moment. When it injects in an 
ambient atmosphere, a spray angle becomes small and spraying becomes a compact 
configuration. 

[0030] The spray angle of the fuel spray and the relation between a penetration and the 
ambient pressure force which are injected from the swirl type spraying injection valve 
currently used for drawing 14 by this example are shown. In the injection engine in a cylinder, 
the property of the fuel spray injected in order that the pressure of a combustion chamber 
may change also changes with ambient pressure force. A penetration becomes short 
according to the increment in the ambient pressure force. Moreover, since spray penetration 
and atomization level change also with fuel pressure, a penetration changes. Since the 
distance from a fuel injection valve to an ignition plug was 40mm in the case of the engine 
used by examination of this example, ambient pressure force is 0.5MPa(s). The fuel pressure 
from which a penetration is set to 40mm or more serves as a requirement. Therefore, it is 
thought as a reason whose starting was not completed in fuel pressure 2MPa shown by 
drawing 9 that a penetration is insufficient. On the other hand, a spray angle also becomes 
small according to the ambient pressure force. As for the fuel spray whose spray angle in the 
atmospheric pressure force (0.1 MPa) is 75 degrees, the ambient pressure force becomes 65 
degrees by 0.5MPa(s). The fuel spray by which this is injected from a swirl type injector is a 
hollow spraying configuration fundamentally, and when the ambient pressure force becomes 
large, it is for the part of the shape of an umbrella of spraying to become small inside. With the 
engine examined by this example, since it is 36 degrees whenever [ champing-angle / of a fuel 
injection valve ], an upper limit angle becomes 0 times with 72 spray angles. Therefore, if the 
ambient pressure force increases, an upper limit angle is also small and it will change to a 
minus side. Since the spraying upper limit angle under pressurization is 0 - +2 times as 
conditions for carrying out stratification starting as drawing 8 showed, it is ambient pressure 
force 0.5MPa. Spraying to which a spray angle turns into 72 - 76 degrees must be selected. 
This will become the spray angle of about 80 - 84 degrees under an atmospheric pressure, and 
the range which is compatible on an engine design and spraying selection will become narrow. 
The fuel spray in which a spray angle is not influenced is needed for the ambient pressure 
force from this. 

[0031] The mimetic diagram of deviation spraying is shown in drawing 15 (a). Deviation 
spraying is what changed the nozzle dimensions of a fuel injection valve and made flow rate 



distribution of the fuel spray the ununiformity, and, as a result, not bilateral symmetry but the 
spraying die length on either side differs [ the spraying configuration ]. Moreover, the injection 
direction also leans from the shaft orientations of a fuel injection valve. Spraying of the 
direction which is deflecting such spraying has the quick rate of flow, and spraying of the 
opposite side has the description that a rate is slow. Therefore, the spray angle X1 of the side 
currently deflected does not change a lot as compared with the spray angle X2 of the opposite 
side. Although the spray angle theta is changing with ambient pressure force as shown in 
drawing 15 (b), the spray angle X1 of the side currently deflected is hardly changing. Whenever 
it turns this in the direction of an ignition plug and installs in an engine, an upper limit angle can 
be made into 0 - +2 times, without influencing the ambient pressure force. 
[0032] Next, the control approach of stratification starting of this invention is shown. With the 
injection engine in a cylinder, in order to inject a direct fuel to a combustion chamber, while 
the exhaust valve is open, it cannot inject. Therefore, it must inject by distinguishing the gas 
column in inhalation of air - a compression stroke. Since a gas column cannot be distinguished 
until it rotates an engine with a starter at the time of engine starting, if possible, gas column 
distinction is performed early after an engine's rotating, and if fuel injection is not started, 
startability will worsen. The timing diagram of stratification starting control is shown in drawing 
16 . An engine begins to rotate because a starter starts, and the signal from the cam angle 
sensor attached in the sensor or the cam shaft whenever [ crank angle / which was attached 
in the crankshaft ] is inputted into a control unit. A sensor and the 4-cylinder engine which 
one gear tooth, two gear teeth, three gear teeth, and four gear teeth attach to the cam shaft 
are explained to an example whenever [ crank angle / which the gear tooth is attached to the 
crankshaft every 10 degrees here and has one gear-tooth chip every 90 degrees ]. although 
the gear-tooth chip part of a sensor output (inside POS of drawing) is adjusted to the top 
dead center location of a certain gas column whenever [ crank angle ] — so much — coming 
out — gas column distinction cannot be performed. Then, the number of teeth of a CAM signal 
when a gear-tooth chip comes to POS is detected using the cam angle sensor output (inside 
CAM of drawing) attached in the cam shaft, and the next top dead center distinguishes of 
which gas column it is a compression top dead center with the number of teeth. The number 
of teeth of a sensor of the stage to carry out gas column distinction is the 9th piece whenever 
[ crank angle ], and since a compression stroke is middle exactly, it fully does at fuel injection 
timing for carrying out stratification starting. Drawing 16 explains. The gear-tooth chip of the 
POS sensor by which it came to the beginning supports the top dead center of a No. 4 gas 
column in fact after engine rotation initiation. The number of teeth of a CAM sensor is 
detected synchronizing with it, and if a number of teeth is two pieces and the next top dead 
centers are the compression top dead center of a No. 2 gas column, and one piece, the next 
top dead center is judged to be the compression top dead center of a No. 1 gas column. Actual 
fuel injection timing is delay period deltaTinj from a gas column distinction signal. Becoming, 
injection pulse width serves as Ti. Moreover, an ignition signal is also time delay deltaTign from 
a gas column distinction signal. It becomes. The point of this example is making it burn 
certainly from the injection initiation of the 1st shot by starting starting control, and not taking 
out unburnt [ HC ] after gas column distinction. 

[0033] The flow chart of stratification starting control is shown in drawing 17 . If a key switch 
is turned on and a key is further turned to a starter starting location, a starter will start and an 
engine will start cranking. Gas column distinction is performed using a sensor and a cam angle 
sensor whenever [ crank angle / which is inputted by engine rotation ]. It is determined from 



which gas column injection is started at this time. Next, a rotational frequency and fuel 
pressure are detected and injection / ignition timing, and fuel oil consumption are determined. 
As for fuel oil consumption, the air-fuel ratio in [ whole ] a cylinder is determined that it will 
become about 25. Injection and ignition are performed based on the result of having carried 
out gas column distinction, and it judges whether the engine speed became more than the 
predetermined rotational frequency. When an engine speed is still low, a return engine speed 
and fuel pressure are again detected to block 10, and injection/ignition timing is reset up 
appropriately, and is performed. If an engine speed fully goes up and is returned to the location 
of a starter starting location to ON of a key, a starter will stop and starting control will be 
ended. 

[0034] Next, another example of this invention is shown. Change of the air content in a 
cylinder immediately after starting, fuel quantity, and an air-fuel ratio is shown in drawing 18 . 
At the time of engine starting, air is full beforehand in the inhalation of air within the pipe one 
of the downstream, and a cylinder from the throttle valve. If a piston begins to move by 
starting of a starter, the air the inside of a cylinder and within inhalation of air is consumed by 
the engine, and decreases like 61. However, since the throttle valve is in the 
close-by-pass-bulb-completely condition mostly during starter starting, without being 
operated, new mind is not inhaled but the air content in a cylinder decreases. If the air content 
inhaled in the cylinder is measured or presumed and the air-fuel ratio at the time of 
stratification starting is controlled to 25 regularity, supply fuel quantity will decrease like 62, 
torque required for engine starting, i.e., the pressure at the time of first **, will fall, and 
starting will become impossible. Although this is because it is based on the control which 
makes an air-fuel ratio regularity, it must supply only the fuel which raises engine rotation at 
the time of starting, and must control a fuel quantity initiative mold. Since the range of the 
air-fuel ratio which can be put into operation is as wide as 20-30, if fuel quantity required for 
starting is supplied like 63, it is not necessary to control an air-fuel ratio by stratification 
starting of this invention to a precision. Then, a means to open an EGR valve and to make air 
flow back from an exhaust pipe to an inlet pipe as an approach of supplying air other than the 
air measured by the throttle valve to an engine, and maintaining an air-fuel ratio within 
possible limits is used. This is consuming the air the inside of a cylinder, and within inhalation 
of air, and exhaust gas flows back easily to an inlet pipe only by negative pressure having 
occurred in a cylinder and opening an EGR valve. Stratification starting was carried out and 
also the exhaust gas which flows from an EGR valve is under cranking or a thing containing 
many oxygen of a gas column, and even if it supplies an inlet pipe again, it is reusable to 
combustion. According to this example, a complement is supplied to the fuel amount of supply 
at the time of starting rotating an engine, and an air content is supplied also including an inlet 
pipe, and a part for cylinder fullness and the part which has flowed back from the EGR valve. If 
total, it becomes 20 to about 30, but since the combustible gas mixture is formed around the 
ignition plug, ignitionability is secured and the air-fuel ratio at this time can be put into 
operation. If air does not flow back from an EGR valve, the air content in a cylinder decreases 
like 64, and an air-fuel ratio will become small like 65, and will exceed the range which can be 
stratification put into operation. 

[0035] The situation of the change of state at the time of the EGR valve control of the 2nd 
example is shown in drawing 1 9 . Although an engine can be put into operation by stratification 
starting during starter starting, a throttle valve cannot perform control which enlarges throttle 
opening for overrun prevention during starter starting. In drawing 18 , throttle opening is fixed 



4 times during starter starting. Although this kind is the center valve position of the spring of 
an electronic formula throttle and it is necessary to move it by the motor for making it greatly 
or smaller than this, the drive current to a motor is not outputted during starter starting. So, in 
this example, an EGR valve is wide opened to near the full open similarly to starter starting, 
and the air which contained many oxygen from the exhaust pipe to the inlet pipe is supplied. 
Thereby, the air content in a cylinder can maintain an air-fuel ratio within limits which can be 
stratification put into operation, without decreasing. After engine starting, since starting of a 
starter stops and a throttle valve also becomes controllable after an engine speed becomes 
beyond a predetermined value, an EGR valve is returned to a close by-pass bulb completely, 
and air content control shifts to a throttle. 

[0036] The 3rd example of this invention is shown in drawing 20 . The engine system of 
drawing 1 is equipped with the adjustable bulb 40. The adjustable bulb 40 controls the closing 
motion timing of an intake valve, and shows an example of the configuration to drawing 21 (a). 
The relative position of a cam shaft 41 and a sprocket 43 will change by forming a helical gear 
44 between a cam shaft 41 and the sprocket 43 driven by the belt 42, and moving a helical 
gear 44 with oil pressure etc., and the closing motion stage of an intake valve will change 
forward and backward like drawing 22 (b). Only a closing motion stage changes without the 
cam crest which carries out the lift of the intake valve changing. The phase change width of 
face is 60 degrees in whenever [ crank angle ]. As long as it makes the clausilium stage of an 
intake valve adjustable, the adjustable bulb of a configuration different from this is sufficient. 
[0037] For the improvement in fuel consumption, during a car halt of the waiting for a signal 
etc., it is effective to suspend an engine, therefore the engine count of starting is increasing. 
Moreover, the compression ratio benefits engine high-performance-izing large in recent years, 
the engine compression load at the time of starting was increasing in such an engine, the 
starter was enlarged, and power consumption has also increased. Reducing a starting load and 
lowering power consumption is leading also to the improvement in fuel consumption, and it is 
important. 

[0038] The method of delaying the clausilium stage of an intake valve till the first half of a 
compression stroke, and reducing an actual compression ratio with an adjustable valve 
mechanism, as an approach of reducing the engine compression load at the time of starting, is 
learned. However, if a compression ratio is reduced, it will lead to the fall of a compression 
pressure, and the fall of compression temperature, the ignitionability of gaseous mixture will 
get worse, and it will become causes, such as a flame failure. At this example, even if it 
reduces a compression ratio by the adjustable bulb, by starting by stratification combustion, 
without spoiling the ignitionability of gaseous mixture, there is also no aggravation of exhaust 
gas and it can start. 

[0039] The effectiveness of the 3rd example is shown in drawing 22 . An axis of abscissa is the 
clausilium stage of an intake valve, and shows whenever [ after a bottom dead point / crank 
angle ]. An axis of ordinate is a maximum pressure at the time of compression, and the highest 
compression pressure is declining as the clausilium stage of an intake valve becomes late. 
Therefore, if it can start by as low the compression pressure as possible, the load which a 
starter makes rotate an engine will decrease and power consumption will also decline. By the 
dotted line, a continuous line shows stratification starting of this invention for the result in the 
conventional homogeneity starting. Although the round mark expresses the experimenting 
point of having set up the clausilium stage of an intake valve and is experimenting in it by the 
same setup also as homogeneity starting and stratification starting, it shifts and shows the 



point on the display of a graph. O Mean that starting was able to do the mark and mean that 
starting was not able to do - mark. Although the intake valve clausilium stage has started at 
60 degrees behind the bottom dead point by homogeneity starting, starting was not completed 
at 80 degrees. On the other hand, in stratification starting of this invention, starting of an 
intake valve clausilium stage was completed to 80 degrees, and it was not able to start at 95 
degrees. Therefore, even if it delays the clausilium stage of an intake valve and reduces a 
compression pressure by the adjustable bulb, ignitionability can be secured by carrying out 
stratification starting, and it is 1.8 to 1.35kW about power consumption. It was able to fall. 
When the count of restart increases this for an idle stop etc., big effectiveness is in power 
consumption reduction and the improvement in fuel consumption. Stratification starting of this 
invention is applicable also to the high Brit vehicle which combined the engine shown in 
drawing 23 , and the motor generator. Yes, the motor generator connected to the crankshaft 
can be substituted for the starter for engine starting in a Brit vehicle. Since improvement 
measures in fuel consumption, such as an idle stop, are frequently used by the high Brit 
vehicle as furthermore mentioned above, big effectiveness is in fuel consumption reduction 
and exhaust gas reduction by adopting stratification starting of this invention. 
[0040] 

[Effect of the Invention] By the starting approach of the injection engine in a cylinder of this 
invention, it can prevent that a fuel adheres to a piston or a cylinder wall by starting by 
stratification combustion, and has the outstanding effectiveness which can reduce sharply HC 
discharged immediately after starting. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The engine system chart for carrying out this invention. 

[Drawing 2] The perspective view showing the engine configuration of the 1st example of this 
invention. 

[Drawing 3] The side elevation showing typically the mixed temper cloth of the combustion 
chamber at the time of stratification operation. 

[Drawing 4] The side elevation showing typically the physical relationship of the fuel spray 

injected from the ignition plug and fuel injection valve of a combustion chamber 

[Drawing 5] The explanatory view of the spray-angle measuring method of the fuel spray used 



by this example. 

[Drawing 6] The experimental result which shows the relation between a spraying upper limit 
angle and an engine performance. 

[Drawing 7] The side elevation showing typically the mixed gaseous state voice of the 
combustion chamber at the time of starting. 

[Drawing 8] The experimental result which shows the spraying upper limit angle at the time of 
stratification starting, and the relation of an engine performance. 

[Drawing 9] Drawing showing the fuel pressure at the time of starting, and the relation of 
startability. 

[Drawing 10] the gaseous mixture of the combustion chamber at the time of starting — the 
result of having carried out the simulation analysis of the behavior. 

[Drawing 1 1] Drawing showing the cylinder internal pressure and the heat rate at the time of 
starting. 

[Drawing 12] The related Fig. of the timing diagram of the starter at the time of starting, fuel 
pressure, and an engine speed, and an engine speed, and injection/ignition timing. 
[Drawing 13] The comparison Fig. of HC discharge property in stratification starting and 
homogeneity starting of this invention. 

[Drawing 14] Drawing showing the mist generating characteristics of a swirl type spraying 
injection valve. 

[Drawing 15] Drawing showing the mist generating characteristics of deviation spraying. 

[Drawing 16] The timing diagram of stratification starting control. 

[Drawing 1 7] The flow chart of stratification starting control. 

[Drawing 18] The explanatory view of the 2nd example of this invention. 

[Drawing 19] The explanatory view of the EGR valve-control condition in the 2nd example. 

[Drawing 20] The engine system chart of the 3rd example of this invention. 

[Drawing 21] The block diagram of the adjustable bulb used in the 3rd example. 

[Drawing 22] The experimental result of the 3rd example. 

[Drawing 23] The system chart of the high Brit vehicle which can apply this invention. 
[Description of Notations] 

1 [ — Engine head, ] — The injection engine in a cylinder, 2 — A connecting rod, 3 — A piston, 
4 5 [ — A fuel injection valve, 9 / — Ignition plug, ] — A combustion chamber, 6 — An intake 
valve, 7 — An exhaust air bulb, 8 10 [ — Feed pump, ] — An air content sensor, 11 — An 
electronic throttle, 12 — A fuel tank, 13 14 [ — Air-fuel ratio sensor, ] — A fuel pump, 15 — 
A three way component catalyst, 16 — A catalyst, 17 18 — An exhaust air temperature 
sensor, 19 — 02 A sensor, 20 — EGR piping, 21 — EGR valve, 22 — A control unit, 23 — A 
change gear control section, 24 — Engine control section, 25 — A throttle control section, 26 

— An injector drive circuit, 27 — Air flow generation equipment, 30 [ — The fuel spray, 40 / 

— An adjustable valve mechanism, 41 / — A cam shaft, 42 / — A timing belt, 43 / — A 
sprocket, 44 / — Helical gear. ] — A suction-port diaphragm, 31 — A shaft, 32 — A notching 
plate, 35 
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[00 13] x>*P>l*SttOtoeH©aHESR:<fco 

* h 2 2(tAft2*i£o n>hn-;u^x^ h2 2«:« 
««cr>-fe>^6©e# x>t?>@K«. © 

£<!:> #Art<**i&. ^(Dffe<2A*<I^£GTte, m*. 

•fe>tl7^60f^, P^XOMS^^ffl-r^SS 
h2 2WSEa««liW3B2 3. x>^>$fj^g[5 2 4 , XU 

h )imm^2 5 , >t? * * ^igaieiss 2 6^ e> 

«*fX*«a$ti-5A:«)©fe©r. E GRSE1f2 0 

[0 0 14] H2«c*«WOx>^>»JsEia*^r. B 
2«^ffiW©1Brt*»x>^>(Oj8aBI"C«>&. ^E^cC 

&&!m±uxmxf*#3 2 t W7h3i, wfi 

Xh>3r$>^o ^M^5(D±a5, t^t'Xh>3 



5 

BOH. r&to^2o©»a^Jl/^6©IHCCBlO«W6 
il8»«»^8tt^<3r)*^f|||^b-X F>fcT>*M5fc 

Utt^yc^^^goTKWotfiWiri^. ccd 

CCSB43 5££<#«3tf£C<b#a*£££&$C, EE 
HfrSfM£0*im£*K3 5 ^ 9 £fr6CjR 20 

X F>3±lC£M*fcCDJi£j&0, CCD 

^SS&cJ:0j8SWi©S3 5a^^y9*i*clB»3 
5 6 tc^»cDM(c^/>f f 3 nrc^co-e. t*xF 
>fflffiec«»i(i»3 5 3W#-r&©*»±-r&. 

ft* 4 FS&W-fc. »II3 5te^ 

«. «t#«#«e3*i*. 

[0 0 15] B3 IJH 1 {cia«l/fcl»rt«»i>^>© 

0t^^ o 6 0km/h— ffi (x>i»(oHg^«j2 00 0 
rpm)rj£fTLri»&KiB«1S!e a r«. Rflltf-hrtKR 

3 1, f±tt«3 0r«JSfc3tlTl>*. #J9^##3 2# 

H&ri^sttecctt, Rfitfra4«DRA^<z>tt&/i£ 
»JSg^5rtcc«^>^;^m^3 3^^$ti 

»»*w*ftw 8*6 at ><& -r * t> %»«^^ ^ 7 « 
©««Sfiffi{c»ori*tis. trx h>3CDiaffiiiffi« 40 
ftib 3 3 a* x a - x$c sen s d: 5 cc RMt^cc «c o r 

cfc5^«^cc-r^ci(cj:0, fc'x h>Hffi±«:»S« 
iKWBiasn. »H«*tt±r*s. 3 6k£^»j 

3 3t«S»*«^8*fii«:R#±^0, «*«*W8© 

a{JC cD^HIift 3 3(cJ:o Tjfcfc:/^ ^rfijectRiSS ft 
j^©II3 Sbttfc'X F>3©{igtelH 



ftM 2001-271688 

6 

m&<Dfrvw£2tiz><Dv. m®$mm ( 3 2 0 0 rpm) 
0. fx f vuMJKttccis^r ^mijccMo r < **ft 

8 6«« 3 n/cj8S*4i®S 3 5a tt^Oifchlc 
*-or«®BB»rj^c^#9ccsiaiT*. feu «*4 
**t#8 3&iSfa^W^7MCC*ofc»^CCW. ffi^PSS 
3 5 a«t*X F >H®tCSoT5Rm^*;b^6M^T^ 

*jc^^9ociijar*c£fc&£(&r. mat ox 
*>6 j&fc ^^^9^ tfcifitr & < ft o r 0 * 

[0016] *m&ffl<D2>'7)l>#J FSfHrt«»x> 
EEAP i 3 2 0 kP a©HKfr5Cfcl»t, 

3 5 deqBTDCC & & . C <DBS<DPBSJj&> >E> £ ~C<DB$ ||| 
W*|3 msec HIIe^3 2 0 0 rpm . BtjWSW 

^je^jp i 3 5 o k p a<oiK*ffrtt. tn-en9 0 

degBTDC 3 0 deqBTDCC $> & 0 £<D9$<D*fl9itP>lb&ik$ 
-C(DB$H«^3 . 1 2 msecC&& 0 ^or*SUfe^©^ 
y^JltM FafBrtPR»x>^>rttx>^>@lSStc 
<t6r««*6j^*r©l^»«*itt3msec Buf^-C 

[00171^4 »%9!ti*B 3 (D^il^^^^:$^ 

*6«#$nyt«»4nR*3 5 <o{±Lwm%*m^m^ l 

OV|m»ttr*0. 3 5p(J0.6MPa ©^co« 

*W^ESK*T?*^<Dr«m*»»3 5CD<fc^K:ft 
Httt5S»*Ttt, «S«^ 5 « b*X F > 3 © JbJMc 

£K)WWmKj]ttZ0 . lfrh l .0MPagff*rSftr 
4*. S«^t5/c^0.6MPa CD^CDPg 
»BttrfiiibT(r^ B ^c«ffTr©«»i«gS3 5©PB 

mnmtx 1 + x 2 r % snffrr ©«pwk 3 5 pcoi 
SflBtiY 1+Y2 -e*r. «^ftS<Dil1^^a^^I 5 

CCin*r. IBf4«S*^8<D>'X^jfejfiAi*C3^6 2 5ram 

SftSiT^. «MBHW3 5©»6J3:jSB-A-E*«S 
^•Ct/cflSt^O, 3 5pCDig^«^C-A-D* 

[0018] i4m^ mnmrnxsteykw-witctt 



±iB£j J = (X 1 - A) -C 

±Sft J ' = ( Y 1 -A) -C 
JhlfAIMNMa. J»WIWM>K0«W»flE4^y 

[0 0 2 1 ] HB«I±j(Wix>2»tttt©BJff*3m 

^ Ka*-^» ©SffflMIS^Lri^ 0 c P i«i 

#<&oTt>£„ ±S##-2(deq) feLhrCp iCDff 
^9&ffii^T 4 & &o ±Sft - 2 (deq) r ttaR«*s ^ ^ 

— HCilgttfe^Ii^ imnffiM^t 30 
pg^^ffi^«^^±ltccgi>r L * i> MB**!* 

2 (deq) K±rHC«JK3W±#l/r*J0 . 

ft&EET±*8ft# -2^6+2 (deq) (DffiH"Cj^^S&^ 
Cp i £HCttffl«ffi*W:£-C#*. 
[0 0 2 2 ] 07 (a) «H1 CCiS*8Lytl«rt««x> 

te»^OX>^>[U^S^2 OOrpm-C 

BIT (b) fic^r«fc^(c^i;>^5F*?(ctt*&W«:a 

f*3Ttt*«SHCSttB<DSHCCfeon^. 

x>i»lsl^{i^2 0 0 rpm <fcfil^*CCjBS«S5 ft 

fc^ztiz&mm 3 3 cos < . mnmn 3 5 so 



(5) ^200 1 -2 7 1 6 8 8 

8 

**4^#»-r&Ci*l»±T-SC<k*>SBr*-5. Ufa** 

*«-rASEC4i«li1-JBflLlt**rftR (X 1 - A) * 
[0019] 



[0020] 



(1) 



(2) 



T^iBSJbSMrt* 0 - - 2 Jgr 3 5 # ^ 

[ 0 0 2 3 ] a 8 CC^tt^FCC«BjK«*fiSS^i*^/c26 

fm i mm±mn & o khtt ttmmtfi 

[ 0 0 2 4 ] a 9 KtelWKttftJEEft £*MM4<Z>W«* 
^-r. »tt^«^JE^l^TMPa*"r»tSl*"C 

l9J«^KD«]SJff^3&i 1 .5 MP a 

$>^ 0 l/^ot, l.SMPa ^fflilteOSiit 

MP a HB»EA#3M 
Partt«JSEA^2.0MPa feLhOEA^SSOr 

r«HCf «S«ffi*3&s 1 .5 MP a HTOEAittO, L 
Eftd*7 MP a-C»»«E^ 2 .0 MP a VLk<DE2) 

«siB^«±?E^is(r 4 o a i -sec u 

[ 0 0 2 5 ] M 1 0 «cx>^>J&ft«p©«8*Srt(0©^ 

fi=«H 9 O^IS^CC^^ i5Ki>^ >@|g» 3 0 0 
rpm^L, IH*Mimi^lM4 OBtiClfc. mm 
BE**« 3 M P a mMLttOjJCifiN 3 5 flWtt 



9 

Jf^i^^U^o ±£E,£fy3 0^-2 5jgTtefc*x h 
5 MP a »4^CDMil^^^ < ft 
0, #*#^f&<tfr£ 0 2^CCj»4Jx^#7MPa<D 

[0 0 2 6101 1 &^>Zs>mMm<DffiftJ£Jj£mZ 
ZLmZmT. X>^>IhI$k^3 0 0 rpm it, j»4*JW 

±3fo5sr 40/20 ffi©^, jas^rt©«**«e* 
4/15 &<D&&uimEEt>±Mi£aitfim < a o . 

tfi. m^KMmm/&&mm&±tt}m 3 4/i5g 

,£iWWH# J^E^mF 4 0/20 Sfc J; ±^=Sfiu 34/ 

£&tfcoTl>&. l/Wot, S^TS^L/7UBE#x* 
jl,=F£ h;i/^ccW^cc^»rS{c«"«3*/^^»l€:± 
^•£1*3 0/1 OKIS^L, 

[0 02 7] mi 2 (a) (Cte»B$CDX*~*. M4JE 
x>^>EHS3»o^-f A^ + -f*^0. 012 

(b) \cs.>^mw&tmm/^nm<om%^n< 
t 0 z2-2*&mi,tc#fzmmo±Lx i .5 imp 40 

2 0 0-3 0 0 rpm mmtrj:^x^^ 0 COi^OPlM 

/gjmmim 1 1 vmmvtcj; itxtt<oit#>K.±st 

M3 0/1 OBiftoWJ. il2 (b) fctx>t? 

j«SR#> :/ ttx > > ©@E(c ctot Hrf¥«rH» Lte 
0.5 ^r«r2-3MPaSe$r±#L/t 



^2 00 1 -2 7 1 68 8 
10 

&cc, ^n6cj£CTPB«/j^c^*IH18L4<r»i^ 
>^>BC«fc^W^*W/*^c«aHI*iai 2 (b) 5C 

rfc £2&»jB$<d h c {£K<c» * & . 
[0 02 8 1013 CC*a«©^»»iS6*©jWte 

Ttt*6»«ft3 0 0 Oppm £TMl^U 

miteMxmmmmc 1 2 0 0 0 PP m a< ^r±^ 

Ovrfc4 0 0 0ppro«±SMJ3*iTOS. ^Jl^itJ^C^ 

t*. l/fctfoT, S 1 3tc^bfc<£5fcx>^>#»6P 
ffl$n^*jKHC*ejS$ti^cittftBS*>^/cx> 

[002 9] *H^0!|<D^>^^^ FS;«rt««x>. 

> ^ > ?c ^ $ ti & x 9 - ^s:«ssiB*f#3Cp 6 mm «* n 
-ejK^^ftccl£»i>rcKo EEMtf 

C3!0 .5 MP a <0#H«*(C«StLfc*i^«:ttPB»tti!B 
J5ftK^h3< FAjcJBttCcftS. 

[o 03 0 ] m 1 4ic$:mmwv{&mLx^z>xy->i> 



11 

0.5MPa h U-^3>^4 OnmWli^^ 

nfrtf&i&m&tttteZ. btctt-oX. m9XfskbtcM 
fffi^l 2 M P a tfett^m*^^ o fclS i ^ 

m^KJllC ^CT/Jn£<&£ 0 *MS±3l (0.1 MP a) 

#if»tnr £ £±Sft < v ^xflrjfc^f bur i, £ 
r «^To«^±$ift# o - + 2 gr£> £ 

i£^0.5MPa -Cfg|$ftfi#7 2-7 6Jg£&£J:5 
80-8 4^S(D@^JgiC^0, X>ix>^It±fc 20 

[oo3i]ii5 (a) tcmfavmcomyzmz^-?. 

Mlt^<^tl^:^o ^15 (bMc^J:0fc: 

Lx\,>%m<Dmmft&x 1 ktt*<^<^bGTi>/d:i^ 

ffiftmMx~>is>ximmmcmmmmzmm?2>tc!b 
tcmm?&m^xi>zffltemm-?zc±&ih%ztj:i\ l 40 
y^t, mM^m^m^^mm^mmoxmm^ 

z-2x*>i?>%®$z2&zzxteim&mm?z>c 



^2 0 0 1 -2 7 1 68 8 
12 

tez^yfis+y Mc 1 oastc^W^r^D. 9 0 
SS(ci^lo^^^7>^Mt>fi^/A^t 
7h$ci«. 2*. 3 4«#oi>Tt>£4miBf*> 
^>£WcBMBT*. ^>^ft£-fe>1ffcB2J <^*P 
OS) ©BBXW^«*sa»OJ^^ffiKCca8«3ti 

WCAM) POS$tSXtt#*/c<h&CD 

p o s -12 i/wmxmxm 

rCAM-fe>^SMttttib, ««**2fflfc*>;fc<D_b 
9E£t2 2 #»B<Dfflfii3Ej*L 1 llfc ^X<D±5££te 1 

*JJJUS#^6©jm»IHIATini i&O, 

ut i sfc, *^c^feais«»JM^e>(oa 
[oo33]ii 7ta8mtm&m<Dyu-* + -b* 

$ ti £ >? v > * ft S -fer > J: A ft S -fe > if £ ffl (, * 

ra«wM*tf^. ccom^x^omm^^mm^m^ 

^o^lOJcIOi^M, *8SII***Ui 
[0034] »C<^»|H©»*Z)||Jfc«*^t-. H 1 8 CC 

«; > ^ <fc c/eR»«rtc[)2ga « x > y > ccffl* ^ tix 
6 l (D<t^cc«^>LyrcK 0 b^u, ^^-^^ai&cf 3 ^ 



(8) 

13 

ox. f&mtm&Fvmmitz 2 5 -fevcmwt & t , « 

«J»ttt?«tt*^fS&3g«Rit©|5HA« 2 0-30 tj£l* 
<on<0^mttU Y-ZfrXU2 0-3 Ogffitefc***. 

jft*^ ^Hiafic«u«H^«3&$«« 3 nr ^ & cor# 

£9K3K4>l/C(/Sl\ ^jSStk«6 5<D<t^«c/h3<35: 
0 fiSMi^tt pJfiMKH ^S^r u £ 5 . 
CO 0 3 5] mi 9tem2m&ffl<OEGRftfflfflm<DW 

m^ttDwr-iyfrr. mmtptef$mi&$bic £ *) 30 
*<?*&ttmRifiWktj:\i*. mi svtexz-zm 
£fctt>h3 < r*tett*-^»jfcrs£*#aa 

X^-5rjB»*W*-*^<0|gtt«a«Hi*3n^ 

I8nci«^ e x>t? x>^>@«g 

[00 36 ] H 2 0 3SI*««r*r. M 1 
0x>^>^*xAKqJ^;1^4 0 £«3./c&<D'C& 

«rr*fc<ZVt\ ©2 1 (a) (t^0«*&<D— M*^. 
^At/f7 h4 1 <b^bh4 2rgg$b3n£xyo^* 50 
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^y*;l/^4 44l9!WjftEEtti*"C^y 
#;l/*>4 4»1-Cit*A'>t7 h 4 1 <h^^P 

tm2 2 (b) (Ocfc^ccijatc^brscicctts. m 

*3Mtr*. ^O{4tS^{b*I«^5>^ftJgr*6 0ST' 

[0037 ] mmfa±.<o?cmzm^%tz£<vmmw± 

[0038] tett«F©x>t?>EEfflfifif*fiSW-^*a 

E38E£fr©<£T. EE»HR©fiT«:-3a*$»)«^«©« 
^ < ;l/ ^ (c J: 0 flEffl Jt *ffiT 3 i* T *&H**«£T telfrT 

[00391 122 Jc»3 3afc«<rta**«"r. 

ib^cr>H#i^9^ii< 3& Lift ^«i*ffi«EEA»(fi 

^^y<om^±. ^~rhLxm:^ox^^>. ow 
8 0g^ r *&»#-c ^ , 9 5 arteMre ^ & 

w<Df8mi&mzm2 3iC7jk-r^>i»t^-^mm^ 



15 

[0 04 0] 

h c %*e«:fi«-r ^cim ^in/c»^ w u r 
mmtDtamttmi} 

[01 1 *^^t^fc^x>i;>^xf Ai a 

[02 ] #^0Dgl 1 38te«<DX>^>«fiS^-r«« 

0o 

[0 3] ^M^<D^^<D^^^^^^C 
[06] i«lB±»fttx>^>tt^H«*^SBBBS 

[^7] ^ift^cD^^o^^^^^w^-r 

[0 8] «Jll&««©«W±«Jlti>S>>tt«<Z>BB« 

[010] PhmmomMm^com^mm^ ^ ~ u- 

[011] I^WolBrtE^illl*****^. 
[01 2] tetftB^D**-*, *&*4EE^. x>^>mi£ 
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[013] ^^©JSJWte»i*»&«ir©HCem« 

[014] X9-^««i®^<Di@IS«Ftt^-r0. 
[015] IB4li9»0«IB1$tt^^-rB. 
[016] ^Jl*&«J$lJiai(D^^ A^^-h„ 
[017] ^)a^«rfiJfflJO^D-^^-h«> 
[018] *^©f2H^W,a0o 

10 [019] m2m&m(£*$vz egr#w»«»©»k 
0, 

[02 0] 2^W©»3SlttWlcox>^>^X^Aia. 

[021] *3 j8»«"c«ffl-r&Rix^^©awBa. 

[02 2] ^3H*fe^(D||)^^ 0 

[02 3 ] ^Ifflrt^W^V'; h$^>Xr 

20 * 7 8-HB*sWftl*F. O-jfitfc^ 

2\ 10-^t-i2>f, 1 1 -liT-^a v hJk 12 

13-7^-F#>^, 14 
:t\ 15"-H5ENft. 16HWI. 17-^itt> 
U\ 1 8HWAWi£-fe>1>\ 2 0- 

*K 2 3 -*j*«WW8B, 2 4-x>^>fflffllS& 2 
30 4 0-aJ&JV\,ZfWm. 4 1-*Ai/t7h 1 42-^ 



[01] [03] 




(10) 



^2 00 1-2 7 1 68 8 




[B8] 



300rpm. tMEF=lb»r 



[06] 



17] 




-6-4-4 0 2 4 
0C1-A)-C <dog) 
•Pressurized condition (a 6UPa) 


















I I r 


1 j» . . t._, 



-6 -4 -2 0 2 4 
<X1"A)-C (d»£> 
tPresauri red condition (0. EEPa) 



[017] 

n 17 



( *-*hToiQ 
< 




^^2001-271688 



[H9] 



[HI 0 ] 




m 10 

300rpnvA/F=25J/T=40dogBrTDC 



(MPa) 



2 4 
K8E*(MPa) 

ill] 




m 11 



12] 





3.0 




2.3 




2.0 


s 




1.3 




1.0 








0.5 




0 



IT/ADV 




"^-40 -20 0 20 40^ 



£. 20 
CJ/W 10 





IT/ADV 




ft _^~34/IS 
[P^y- 30/10 



^^flJfcCdegBTDC) 



[H2 2 ] 



(21 22 



12 

# 10 

I 8 

1 - 

* 4 

(MP-) 



OfftKWfi 



<A/F<W) 




UkW 
1.2KW 




60 








=y 40 












S 20 








10 




0 





500 

X^|allSlft(r^m} 



1000 



20 40 60 BO 100 
*fi/0.r«#I*»i<ABDC> 



(12) 



mm 2001-271688 



[HI 3] 
12} 13 




10 20 30 

[SI 5] 




(b) 



80 

3 
40 

20 



X1 



0.1 0.2 03 0.4 0.5 0.6 0.7 



40 



[014] 

IS] 14 



I 

> 
(run) 



> 






70 






60 






50 






40 




■^t^ ::::: f^5MPa 






30 






20 




— i i i i i 








80 






70 






60 






SO 







4 
2 
0 

-A 

-4 
6 
8 



ai 0.2 0.3 0.4 0.5 0.S OJ 



1 8 ] 




4 6 



[M23 ) 
SI 23 

3{ 



cn 



[Ml 



(13) 



^2 00 1 -2 7 1 68 8 



[SI 6] 

a is 
mm 






TDC BDC 15 73^ 

- — 11 — t ^ffiWfM - 



»2CTL 



#3CTL 



(14) 



^200 1 -2 7 1 68 8 



CHI 9] [020] 




(51) Int .CI / m%m B# F I K (## ) 



13/02 




F 0 2 D 29/02 


D 


29/02 




29/06 


D 


29/06 




41/02 


3 2 5 A 


41/02 


3 2 5 


41/20 


3 2 5 E 
3 2 5 


41/20 


3 2 5 


41/34 


F 


41/34 




43/00 


3 0 1 J 


43/00 


3 0 1 


B60K 9/00 


3 0 1 N 
3 0 1 Z 
C 



3?«fciHS:m^**»»r-tTeisi# » 

C72)»H# & 



A (#^) 3C023 AA04 AA08 AA18 AB01 AC04 
AC05 AD06 ACOl 

3G084 BA15 BA20 BA23 BA24 CA01 
DA09 DAIO EB02 EB12 EB16 
ECOl EC03 FA07 FA13 FA17 
FA26 FA27 FA30 FA36 FA38 

3G092 AAOl AA06 AAIO AA11 AA17 
AB02 AC02 BB06 BB19 DA08 
DC06 DC08 DE03S DFOl 
DC07 EA11 EB08 FA18 FA31 
GAOl HAOIZ HA06Z HA13Z 
HB02X HDOIZ HD06Z HX)7Z 
HE03Z HE05Z HF08Z HF19X 

3C093 AAOl AA07 CAOl DA 01 DA06 
DA07 DA08 DA09 DA11 DA12 
EA05 EA15 ECOl FA03 FA12 

3C301 HA01 HA04 HA13 HA16 HA19 
JA26 KA01 LA07 LB04 LC01 
LdO MA19 NA07 NB06 NB20 
ND02 ND42 NE01 NE19 NE21 
PA01Z PA11Z PB03Z PB05A 
PD02Z P008Z PD09Z FD11Z 
PD15Z PE01Z PE03Z PE05Z 
PE10A PF03Z PF16Z 



